Disease Control and Prevention assessed that <50% of these prescribed antibiotics for acute respiratory diseases were being irrational and imprudent. [8] [9] [10] This excessive use of antibiotics increases the possibility of adverse drug reactions and other complications, which include Clostridium difficile infectious diarrhoea. [11, 12] Multiple studies from the USA reported that at least 500,000 patients infected with C. difficile need to be admitted in hospital and <14,000 people died. [13] [14] [15] [16] [17] 
A brief commentary on antibiotics uses in Malaysia
In Malaysia, antibiotics are one of the top utilised medicines for the treatment of respiratory tract infectious diseases. [18, 19] In addition, antibiotics were ranked first for healthcare cost and ninth for used quantities in 2008. [20] Antibiotics were more regularly prescribed in primary healthcare settings and mainly for respiratory infectious diseases. [19, 21, 22] Furthermore, antibiotics are often overprescribed in private healthcare facilities than that of public healthcare centres. [19] Another study revealed that antibiotic prescribing rates were high in both public and private primary healthcare centres in Malaysia, exclusively more observed in private settings. This study also exposed unnecessary and imprudent antibiotic utilisation for viral-originated infectious diseases. This study recommended educational approaches for all stakeholders to minimise the irrational use of antibiotics. [23] Another recent study reported that the irrational use of antibiotics was frequently observed in state-owned hospitals. Wrong selection of antibiotics was noticed around 40% of prescription. Although the National Antibiotic Guideline is regularly updated, on many occasion, researchers recognised that medical doctors have failed to comply with the recommended guidelines. Thereafter, a regular well-organised policy and a programme were advocated to improve antibiotic prescribing behaviour and prevent AMR. [24] Similar non-compliance of national guidelines was also found around 28 years back. [25] Subsequently, the objective of this manuscript is to systematically review the knowledge, attitude and practice (KAP) among Malaysian medical students, doctors, other health professionals and common people regarding antibiotic use, antibiotic prescribing and antibiotic resistance (ABR) to develop future policies and plans to combat microbial resistance and to ensure treatment success.
MateRIals and Methods
The reporting of this systematic review is in accordance with the preferred reporting items for systematic reviews and meta-analyses. [26] Search strategy and selection criteria An independent search was performed using electronic databases including Medline, Scopus, Web of Science and PubMed for articles published since inception till the 4 th week of January 2019. The following keywords were used: (antibiotic(s) OR antimicrobial(s)) AND (resistance OR AMR) AND (knowledge OR attitude OR practice OR perception OR understanding) AND (medical doctor OR medical professional OR general practitioner OR physician OR medical student(s) OR medical undergraduate OR nurse(s) OR medical assistant(s)) for those in the medical field AND(public OR general OR student(s) OR parent(s) OR community) for the public. Cross-sectional studies (CSSs) investigating KAP on antibiotic use and ABR in medical personnel's and the people were considered. Studies conducted outside of Malaysia or focussed on antibiotics' prescription pattern and variability were excluded. No language restriction was applied.
Title and abstract of all retrieved articles were evaluated independently by two authors (NA and MH) against the inclusion and exclusion criteria. Articles that did not meet the eligibility criteria were excluded based on the study design, participants, exposure and outcome. Any disagreement was discussed and resolved by consensus.
Data extraction
Data from the selected studies were extracted independently by two reviewers (NA and MB) using a customised data extraction form. Any discrepancies in data extraction were discussed and resolved by consulting the third reviewer (MH). The following information was extracted from the eligible studies:
(1) Study details (name of the first author, year of publication, article title); (2) study population (SP) for medical-related field or public, study setting, gender distribution; (3) survey characteristics (sampling method, sample size) and (4) study findings (response rate, survey outcomes, study limitation).
Quality assessment
The methodological quality of the included studies was assessed by two reviewers (NA and MH) using a modified Newcastle-Ottawa scale (NOS) adapted for CSSs. [27] The modified NOS uses the total number of stars to assess the quality of a survey. The following items were evaluated: (1) the representativeness of the sample and provision of power calculation, (2) characteristics of respondents and non-respondents, (3) ascertainment of exposure, (4) comparability of subjects in different groups and (5) appropriate statistical analyses. Studies scoring 9-10 stars were considered as high quality whereas studies scoring 7-8 stars were regarded as average quality. It has been discovered during the review process that populations and sampling methods were heterogeneous. Hence, meta-analysis was not performed. databases using the defined keywords. Four records [28] [29] [30] [31] were identified from other sources including a general search on the internet, a review of the study references and study author. After removal of duplicates, 435 titles and abstracts were screened for eligibility. Four hundred and four records were excluded based on title and abstracts, geography and study design. Thirty-one full-texts were retrieved for detail examination of which only 17 studies were selected for inclusion in this review. [18, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] Reasons for excluding the remaining 14 studies include study design (animal study and database analysis), reports, duplicate publication, unpublished abstract, outcome studied focussing on drug dispensing and inaccessibility to the full-text article.
Methodological quality
Based on the study quality assessment tool used, only four of the included studies were considered good [30, 33, 34, 43] and seven studies were deemed to be average [ Table 1 ]. [29, 31, [37] [38] [39] [40] 42] The reporting of instrument-validation varies across studies. Six studies did not describe the steps taken to ensure the validity and reliability of the questionnaire used. [28, 31, 32, 35, 39, 41] Reliability coefficients assessed using the Cronbach's alpha were reported in nine studies. [28] [29] [30] 33, [39] [40] [41] [42] [43] Most studies have reported a reliability coefficient of ≥0.7, indicating acceptable internal consistency. All the included studies enrolled >100 participants. Two of the studies had a response rate of <50% [31, 37] while two studies did not report a response rate. [18, 35, 41] In ten studies, [18, [29] [30] [31] [33] [34] [35] [36] 40, 42] the convenience or universal sampling method was instigated which may subject the studies to a further selection bias. The main limitation identified from most studies is the generalisability of the findings due to the different region sampled across Malaysia.
Characteristics of selected studies
The components of the included studies are summarised in Table 2 . Most studies were published after 2010 in Malaysia with the latest published in 2019. All studies enrolled participants aged 18 years or older, except in one study [18] in which the entry criteria include participants aged 16 years. In most of the reviews, over 50% of the participants enrolled are female. The study periods ranged from 2 to 18 months.
Six studies investigated those in the medical field in which all questionnaires were self-administered. Two studies assessed the knowledge of antibiotic prescribing and ABR among physicians. [37, 39] Tan et al. [39] have systematically sampled physicians based at the outpatient department of health clinics and hospital in Kedah, whereas Hassali et al. [37] enrolled physicians working in private practices around Selangor by employing the random sampling method. Three studies Records identified through database searching for medical personnel (n = 83) SCOPUS (n = 2) Medline (n = 10) Web of Science (n = 11) PubMed (n = 60)
Records identified through database searching for public (n = 474) SCOPUS (n = 238) Medline (n = 18) Web of Science (n = 31) PubMed (n = 187) Other sources (n = 4) Records after duplicates removed (n = 435)
Records screened (n = 43)
Full-text articles assessed for eligibility (n = 31)
Studies included in qualitative synthesis (n = 17)
Records excluded (n = 404) Reasons: Title/abstract not relevant (n = 333) Different geography (n = 69) Not a primary study (n = 2)
Full-text articles excluded (n = 14) Reasons: Study on drug dispensing (n = 5) Reviews (n = 2) Study design (n = 3) Duplicate (n = 2) Abstract/not accessible (n = 2) focussed on undergraduate medical and pharmacy students and have mostly used the universal sampling method. One study assessed the knowledge and attitude of 674 medical and non-medical students studying in the NDUM located in Kuala Lumpur. [30] In another study conducted at the (University Sultan Zainal Abidin) which is in the east coast of Malaysia, [40] only medical students in their clinical years were assessed for their knowledge on antibiotic prescribing and ABR. Meanwhile, Rajiah et al. [38] focussed on the understanding of ABR alone among final-year pharmacy students [38] enrolled in five public universities that were not specified in the text.
Seven studies explored the public residing in the northern region of Malaysia, including Penang [29, 33] and Perak [43] as well as Kuala Lumpur [18, 35, 42] and Putrajaya. [34] In addition to Kuala Lumpur, Islahudin et al. [35] also sampled population residing in the Kuantan district of Pahang. These studies assessed the knowledge, attitude, belief and/or practice of the public towards antibiotics used and ABR. All studies except one have employed the convenience sampling method. Choo et al. [43] have implemented the sequential sampling method whereby every fifth attendee at each study site (hospitals and health clinics) was approached to participate in their study. While the instrument was self-administered in most studies, Fatokun has conducted an interviewer-administered questionnaire on individuals residing in Cheras district. [18] Three studies [33, 34, 43] were based at hospitals or clinics while three other studies [29, 35, 42] were conducted in commercial centres such as the shopping complexes, supermarket, restaurants and residences. Fatokun [18] however did not describe their study setting in detail. In addition, four studies have explored the KAP towards antibiotics use among parents who are based in either Selangor or Kuala Lumpur. [28, 31, 32, 41] Three studies enrolled parents of children attending a clinic or hospital, and one study enrolled parents of children attending kindergartens in Kuala Lumpur. [31] In all the studies, over 50% of the participants were mothers.
Principal findings: Based on systematic review
Among the selected studies, four, one, one, three and seven were of medical and pharmacy students, medical officers, general practitioners (GPs), parents of children suffering from upper respiratory tract infections (URTIs) and common people with young adults, respectively, who assess KAP regarding antibiotic use and ABR.
Medical students
Two studies evaluated knowledge of antibiotics and resistance among medical students. [30, 40] It has observed that more than 50% of the medical students about antibiotic usage was knowledge level was low and their health beliefs were outdated. The same study tells the essentiality educational interventions which comprise education on the psychological aspects of prescribing antibiotics, health beliefs and patient expectations and an antibiotic stewardship programme to combat the irrational use of antibiotics and to help prevent AMR. [30] Another study clearly determined that there is a gap between theoretical input and clinical practice. Students have wanted more educational intervention to combat the potential threat of AMR. Clinical competency regarding antibiotic prescribing during their internship was principally learned by emulating senior colleagues, and this should be replaced by P-drug selection programme in the MBBS curriculum, throughout house-personship and refresher course all over practicing life. [40] 
Pharmacy students
One study conducted among final-year pharmacy students revealed that moderately virtuous knowledge regarding antibiotic use and AMR. However, students' knowledge level did not correlate with attitudes. Most of the respondents did not possess a constructive attitude towards diminishing AMR. Mostly, students thought that educational intervention provides an essential feature in minimising AMR by promoting the prudent usage of antibiotics. [38] One more study reported that respondents had good knowledge level of AMR. Similarly, this study also concluded that an enhanced educational programme by altering the curriculum among all healthcare professionals, particularly physicians and pharmacists, can promote initiatives to fight against AMR. This study also advocated building appropriate professionalism in encouraging prudent use of antibiotics. [36] 
Medical officers
Although medical officers possess average knowledge level, they prescribe antimicrobials frequently. Around two-thirds SPs were confident in antibiotic prescribing, but less than one-fifth had discussed among colleagues before prescribing antimicrobials. There was a significantly (P = 0.036) higher prescribing observed among junior doctors than seniors. In addition, there was also a significant association (P = 0.002) amidst rate of antibiotic prescribing and cognizance of AMR, among doctor's real-life practice. [39] General physicians Most of the GPs described that patients expect antibiotics. GPs (36.7%) apprehend that patients will demand from their physician if not prescribed antibiotics. However, more than one-fifth of the SPs clearly believe that antimicrobials were not needed and irrational utilisation to treat the case. This SP possesses a reasonable level of knowledge regarding prescribing for URTIs. However, the SP had apprehended that regarding subsequent antibiotic prescribing and patient pressure. This study finally concluded that there is an urgent need for educational interventions as an essential feature to combat against irrational use of antimicrobials and AMR among all stakeholders of healthcare which should include the patient community. [37] Malaysian community other than health professionals Parents of children suffering from upper respiratory infections Parents frequently have low level of knowledge and misunderstandings regarding antibiotic for acute URTIs among children. Over 65% of the SP thought that antibiotics play an important role in treating the common cold, cough and fever, respectively. 29% of parents complained that although there was a need for antibiotic for their children for acute URTIs, doctors did not prescribe. Only 17% of SPs aware that antibiotics were not at all necessary for acute URTIs. Again, 28% of the SP demanded antibiotics for their children suffering from acute URTIs, and 93% were successful in obtaining antibiotic for children. [32] Another study reported that most of the parents have good knowledge level on antibiotic consumption. In addition, this SP had antibiotics for their children principally through medical doctors' prescription. [28] The majority (over 90%) of the SPs have experienced antibiotic before for their child, by doctor prescription, and follows the instructions of medical doctors. Nevertheless, more than one-third of them bought antibiotics from nearby medicine shop without a medical doctor's prescription. A good part of the study reported that only one-tenth of them had antibiotics for their child while suffering from influenza. [28] One more study revealed that in general, the SP had low-level knowledge nonetheless good attitudes regarding the usage of antibiotics in children with URTIs. Sex, educational level and monthly income were statistically significantly related to knowledge and attitude score level. This advocated that it is important to recognise the weak features of parental KAP. Thereafter, proper strategies can develop and executed to achieve better level KAP among parents and community to limit the irrational use of antibiotics. [31] Another study reported that most of the parent's knowledge regarding antibiotic use for URTIs was found low. However, more than about two-thirds of the parents were conscious of the AMR and AMR often promoted by excessive usage of antibiotics. Knowledge level was statistically significantly associated with parents' educational level and financial status. Solitarily mother's educational level was showed significantly related with the attitude. This study concluded that health promotional and educational movements are of extreme necessity to fight against imprudent use of antibiotics and AMR. [41] Common people Another study conducting among common people attending a hospital of Putrajaya, Malaysia, reported that there was a significant deficiency in knowledge and attitude level regarding appropriate antibiotics. Consequently, Malaysian patients and community are in danger of imprudent use of antibiotics and AMR. Both knowledge and attitude statistically significantly (P < 0.05) correlated with educational level, health-related occupation, gender, race and employment status. Around three-fourths of the SPs opined that they expect antibiotics for treatment of common colds and cough. Two-thirds of these study respondents accept as true that antibiotics speed up the recovery these ailments. This study finally concluded that educational interventions such as 'campaigns and patient counselling' among patients and community are essential to defending against imprudent use of antibiotics and AMR. [34] One more study conducted in major cities of Malaysia among common people found that more than two-thirds SP had antibiotics within the last 1 year more than one time. It was thought-provoking finding that those did not have antibiotic in the last year opined statistically significantly (P < 0.01) higher that AMR is a serious global public health threat for humanity. Those took antibiotic within the last 1 year did not take the full course of antibiotic. This study also similarly concluded that educational interventions among consumer and health professionals to develop appropriate knowledge and attitude in the direction of antibiotics consumption are essential to combat the irrational use of antibiotics and AMR. [35] One more cross-sectional study conducted among patients and attendants of Penang Hospital revealed that one-third of the SP possess a low level of knowledge and practice self-medication with antibiotics when suffering from common cold. [33] However, more than half of the SP had average knowledge regarding antibiotics. Nonetheless, more two-thirds of them believe that antibiotics are effective against viral diseases. In addition, just one-third of the respondents believe that antibiotic is indicated for the common cold and similar trivial diseases because of faster recovery from those ailments. On the contrary, more three-fourth of them clearly know that antibiotics are for bacterial infectious diseases. Again, more than half of the research respondents believe that AMR is strongly correlated with the irrational consumption of antibiotics. This study also found that educational level, age and ethnic origin were statistically significantly (P < 0.05) correlated with knowledge and attitude regarding antibiotic use. Consequently, this study also similarly concluded that educational interventions are the prime necessity among all stakeholders of healthcare to promote the rational use of antibiotics and prevent AMR. [33] Another cross-sectional study conducted in 13 hospitals and 44 primary healthcare centres of the state Perak among the adult population. The respondents were selected through the sequential sampling method who are educated and had experience with antibiotics. This study reported that most of the respondents expect antibiotics from medical doctors as a remedy for common trivial infection as antibiotic gear up the recovery process. Poor level of knowledge and attitude was found significant issues that contribute to promoting irrational use of antibiotic and AMR. In conclusion, this study also equally reported that the educational interventions are burning need with mass motivational campaign giving emphasis on prudent use of antibiotics and to prevent AMR. [43] One additional study among community dwellers in Pulau Pinang, Malaysia, reported that the SP had low level of knowledge and attitudes about antibiotic use and AMR. [29] Around four-fifth researches, respondents fail to recognise that antibiotic is only effective against bacterial infection. In addition, more three-fourth had confidence that antibiotics were effective medicine in treating influenza fever or similar diseases. Moreover, more than half of the research respondents had the notion that antibiotics are a complete healing agent for curing all infectious diseases. Furthermore, around three-fourths of them did not come to an agreement that resistant microorganism can spread both ways from 'human or animal to human.' [29] Despite the fact, nearing one-third of them were oblivious that microorganism had potential to develop resistance to antimicrobials. Moreover, around two-thirds of research population self-confessed that they took antibiotics when hospitalised to speed-up healing process from their ailment, and one-third of them stop antibiotics when started sensing improved. [29] This study again suggested well-designed 'community-based educational' programme, especially campaign to improve common people knowledge and attitude, and thereby combat imprudent use of antibiotics and to prevent AMR. [29] One more cross-sectional study conducting among the urban population on of Malaysia reported that four-fifths of the research respondents consumed antibiotics through medical doctors' prescription. Again, more than half of the research respondents suspend antibiotics when the disease process starts fading out. Respondents often dispose of leftover antibiotics in a bin with other garbage. This research also revealed with univariate analysis that sex (P = 0.04), poor knowledge level (P < 0.0001) regarding antibiotic use and insufficient, inadequate awareness (P < 0.0001) regarding potential threat of AMR to healthcare were the contributing factors for noncompliance to complete the full course of antibiotics. Again, this study also recommended education programme among patients about the atrocity AMR and prudent utilisation of antibiotics. [18] Young Malaysia adults
Another cross-sectional study conducted in Kuala Lumpur, Malaysia, among young people. This SP was approached in a shopping centre, superstores, educational establishments, cafeterias and utility shops. The SP had a poor attitude regarding antibiotics consumption. Afterwards, documented a potential breach between attitude and practice among that research respondents. Nevertheless, more two-third research respondents approved that there is urgent to enhance educational intervention programme to enrich the knowledge level among community regarding antibiotic use and resistance. At last, this is the same way concluded educational interventions to improve antibiotic use and resistance. In addition, this study also recommended regulatory measures to control the easy availability of antibiotics over the counter. [42] dIscussIon AMR is escalating to precariously high levels in all areas of the globe, irrespective of developed and developing counties. AMR primarily increases healthcare costs, duration of hospitalisation, treatment failure and both morbidity and mortality. [44] AMR was the reason for 33,000 deaths every year in the European Union (EU) territory. Multidrug-resistant microbial infectious diseases in the EU increase healthcare costs around EUR 1.5 billion per year with a huge loss of work output. [45, 46] Another British Commission regarding microbial resistance reported that AMR could cause 10 million deaths a year by 2050. [47] Multiple studies revealed that currently, AMR accounts for enormous clinical and public health liability. These studies expect the threat to human healthcare because AMR will increase much more upcoming days. Thereafter, to address the burning of microbial resistance, certain programme and plan are necessary to enforce. [48] [49] [50] [51] This systematic review regarding the studies on the KAP of health professionals and common people on antibiotic use and resistance in Malaysia discusses the important elements to address the grave public health problem.
This review incorporated 17 original studies among Malaysian medical students. [18, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] These studies were CSSs. Accordingly, CSSs contain own inherent limitation. CSSs conducted at a certain point in time, as like a snapshot but not that of video or cinema. [52] Consequently, more suitable to evaluate the prevalence of variables of interest. CSSs also show recall bias. [53] Most importantly, CSSs cannot be utilised to appraise behaviour over a period to time, subsequently not suitable to appraise reason and outcome. Moreover, these types of studies possess probability with bias results as funding source can influence to obtain the desired outcome. [54, 55] Ultimately, these 17 studies had such limitations. [18, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] In daily English, the term attitude is typically used to mention an individual's feelings about a problem, thing or individual. [56] In addition, attitudes are interweaved with the individual's knowledge, beliefs, emotions and values, and it can be positive or negative. [57, 58] In KAP studies, the knowledge part is customarily utilised solitarily to evaluate the magnitude of individuals' or group of peoples' knowledge about public health perceptions associated to countrywide and worldwide public health programmes. [59] The second part of a typical KAP study assessing attitudes. Nevertheless, many KAP studies do not reveal results about attitudes. As there is a considerable hazard of misleadingly in generalising the thoughts of a precise cluster. [60, 61] Moreover, to assess medical students' attitude and practice regarding antibiotic use and resistance is a difficult procedure.
Medical students
Both the studies were conducted with a previously validated instrument. [62, 63] Those manuscripts were published in the highly reputed journal of this planet. The data collection instruments' quality was the basic strength of these two studies. [30, 40] Nevertheless, both studies had small SP study size and single-centre study. Thereafter, difficult to generalise the research result for the whole of the country. Researchers explained that these medical schools medical students intake were limited to only 50 students per year. Therefore, even universal sampling was adopted even then the sample size was small because the total SP was small. Both the studies equally recommended more educational inputs in undergraduate and postgraduate training period with the continued scholastic programme throughout the professional life to promoting prudent use of antibiotics and AMR. [30, 40] 
Pharmacy students
The strength one study [39] was multi-center study. As five state-owned public university pharmacy students participated in the mentioned study. The questionnaire was developed very carefully depending on earlier published nine articles. The questionnaire was validated with Cronbach's alpha 0.82. The surveyed population was 346. The sample size was calculated based with a 5% margin of error, a 95% confidence level and a 50% response distribution. Thereafter, the appraised population was much higher than the calculated (201) sample. This study concluded that final-year pharmacy student had a good understanding regarding AMR, but most of the respondent did not possess a positive attitude in controlling and prevention of AMR. [38] The second study compared between medical (72) and pharmacy (51) students of International Islamic University of Malaysia. [36] The survey instrument was developed based on six earlier published articles. The questionnaire was pretested with the result of Cronbach's alpha 0.85. This study found a good understanding level in antibiotic use, AMR, mechanism of developing resistance in microbes and awareness towards minimising ABR. [36] There was no statistically significant difference observed between the two groups. Pharmacy students possess better understanding ability than medical students. This study did not claim the findings can be generalised because it was a single-centre study. Both the studies suggested enhanced educational programmes among all healthcare professionals, especially among physicians and pharmacists. [36, 38] 
Medical officers
The study instrument was adopted from earlier two overseas studies. [64, 65] The instrument was initially developed in Peru [65] and again utilised in Congo. [64] Both the study published in very exceedingly reputed journals. The survey instrument was appraised again by public health physician to assess its applicability for local Malaysian context. [39] The instrument was validated through a pilot study. The validation score was not described in the study. The sample size was calculated with the formula described in another study. [66] The sample was 118 with presumed 20% non-respondents. [39] This study concluded that Malaysian medical officers possess a reasonable level of knowledge regarding antibiotic. There was no statistically significant (P = 0.72) differences observed between senior and junior medical officers in knowledge level. Most of the research respondents were confident in prescribing, and most of them never consult among them to select and prescribe antibiotics. Again, the majority of medical officers prescribe antibiotics daily. In addition, there were statistically (P < 0.05) significant differences observed senior and junior medical officers and frequency of antibiotic prescribing and awareness of AMR in their daily practice. The strength of this study was the compassion between senior and juniors and comparison awareness level and prescribing. These study findings were quite like earlier one systematic review. [67] 
General physicians
The study instruments were developed based on the previously published article. [68] GPs were only selected from one state, although Malaysia is a federation consisting of 13 states and three federal territories.
[37] The sample size web-based system with a confidence limit of 95%, an error margin of 5% and a prevalence of 50%. The calculated sample size was 303% + 30% nonresponse rate; it was 400. [37] The calculation of the sample size was one of the strengths of the study. This research also disclosed that about low response rate, there might be a possible difference between respondents and non-respondents. As because of KAP study, it may have a biased result as respondents answered carefully so that can avoid societal conflict. However, 81.3% of the SP had moderate-to-good level of knowledge regarding antibiotic prescribing for URTIs. Nevertheless, 84.93% of studied general physicians prescribed antibiotics for running nose, sore throat and otitis media. Moreover, 89.2% thought that AMR is a major public health problem. [37] Regarding medical officers [39] and general physicians, [37] studies revealed that actual evaluation of prescribing practice was not possible because of CSS and KAP study.
Malaysian community other than health professionals Parents of children suffering from upper respiratory infections
This study instrument how was developed or adopted was not described. [32] The sampling method was universal, and the sample size was 421. The study respondents were incorporated from publicly owned primary healthcare centres, Cheras Mukim of Hulu Langat district, Malaysia. The study did not describe how researchers ensure how all parents were incorporated as the study respondents. Parents' knowledge regarding antibiotic use was inadequate. Majority of the parents believe antibiotics are helpful for URTIs and demanded antibiotics for their children. [32] Another similar study incorporated respondents from children clinic of Hospital Serdang, Malaysia. [28] Respondents were parents of those children visited for treatment in the mentioned health centre. This study instrument was pre-tested before, but pre-tested results were not described. In addition, how the instrument was developed did not also describe. The sample size how calculated was not pronounced. The sampling method was random. The SP was 229, but again what was the total population was not mentioned. The respondents of this study good knowledge and practice regarding antibiotic use. [28] One additional study conducted among parents of kindergarten children of Kuala Lumpur, Malaysia. [31] The study instrument was adopted from an earlier study with the expectation it will best suit the local context.
[69] This study did not describe embraced instrument whether validated for the local context. Moreover, the sampling method and sample size how calculated were not described. This study found that two-thirds of the SP knowledge level were a poor but largely positive attitude. There was a statistically significant (P < 0.05) relationship between knowledge and attitude, and a moderate negative correlation (rs = −0.498) exists between knowledge and attitude. This study finally concludes that although the SP possesses poor knowledge in parallel, SP holds positive attitudes about the use of antibiotics. This study principal strength was the statistical part. [31] One more study selected for the current review conducted among 320 parents attending in the primary healthcare centre, situated in Bandar Tasik Selatan, Kuala Lumpur, Malaysia. [41] The questionnaire was adopted from the overseas earlier published study. [70] Researchers translated in the questionnaire in the local language and conducted pre-test for validation of the instrument. The pre-test scores were Cronbach's alpha of 0.626 for knowledge and 0.769 for attitude. This validation was the strength of the study. Nevertheless, this research did not how sample size and sample method. The sample size was 320. Most of the SP poor knowledge level regarding antibiotic. [41] Although the study detected most of the respondents had a good attitude regarding usage, most of the parents preferred antibiotics for their children when suffered from URTIs. At least one-third respondents express their desire for antibiotics for children.
This study revealed statistically significant (P < 0.05) association with knowledge and parental (fathers: [OR] = 2.79, 95% confidence interval [CI] 1.620-4.800, P < 0.001; mothers: OR = 2.36, 95%CI 1.376-4.035, P = 0.002) education level and family income. Nonetheless, mother's educational level was significantly associated with their attitude level (OR = 2.19, 95% CI 1.121-4.267, P = 0.020). In addition, there was a statistically significant (P < 0.05) association between this practice with the gender of the respondents, father's educational level, mother's educational level and family income. The best part of this study was statistical analysis. [41] 
Common people
One study conducted among people attending in a local hospital of Putrajaya, Malaysia. [34] The study instrument was developed based on five published articles. Initially, the instrument was developed in English and then translated in Malay. Face and content validation of the questionnaire were examined by senior staffs of the institute. The instrument was pre-tested, and test results were Cronbach's alpha 0.68-0.74. The sample size was calculated with the web-based system. Researchers depend on convenience sampling method. This study analyses the data by utilising t-test, ANOVA, multiple logistic regressions with the adjusted ORs and Pearson's correlation and Chi-square test. In all statistical analyses, a P < 0.05 was considered statistically significant. [34] Highest education level and healthcare-related occupation were statistically significantly (P < 0.05) related to knowledge score, whereas gender, race, highest education level, employment status and healthcare-related occupation were statistically significantly (P < 0.05) associated with attitude score. [34] Like earlier few studies, the principal strength was a statistical portion. [34] Another study conducted common people of Kuantan and Kuala Lumpur, Malaysia. [35] The study respondents incorporated conveniently from shopping malls of these metropolises. This study did not describe how the study instrument was developed, what the sampling method was and how the sample size was calculated. Although this study did not find any statistically significant correlation among knowledge and antibiotics usage, but statistically significant association detected with antibiotic usage and attitude, similarly with practice. [35] This study did not mention P value and statistical test name. The analytical part of this research was not adequately described. [35] One more study among common people which include patients and other hospital attendees of the Outpatient Pharmacy Department of Penang Hospital, Malaysia. [33] The study instrument was developed depending on four earlier published studies. The instrument was developed initially in English and then translated to Malay. Face and content validation were conducted by the senior members of the faculty. The instrument was validated for local context by doing pre-test and score was Cronbach's alpha was 0.76. The statistical test was Chi-square and Fisher's exact tests. Most of the respondents' overall knowledge was at a good level, but nonetheless, they opined that antibiotic is indicated and effective in viral diseases. There was statistically significant (P < 0.05) relationship exist between knowledge and age group, race, educational status and monthly income. This study also revealed a weak positive correlation (r = 0.276, N = 408, P < 0.001) between knowledge and attitude. Overall both methods and data analysis strength were good of those research were incorporated in this systematic review. [33] Another study was conducted among common people. The study respondents were incorporated as came as an attendant of patients of 13 hospitals and 44 primary health clinics in Perak, Malaysia, who are 18 years and above, well-read and had experience in antibiotics usage. The sample size was calculated with software namely EpiCalc: Epidemiological calculator. Again, the sequential sampling method was adopted for this study. The study instrument was developed based on four earlier published articles. The instrument was in initially developed in the English language and then translated in Malay. The face and content validation were done by the senior academicians of those hospitals. A pre-test was carried out, and the scores of Cronbach's alphas were above 0.7. The statistical analysis was with explored using t-test, ANOVA and Chi-square test. The level of statistical significance was set at P < 0.05. [43] The study respondents' age, sex, uppermost educational level, healthcare linked profession and knowledge on ABR had statistically significant (P < 0.05) association with mean belief, knowledge and practice. Finally, of all, the ethnic origin of the respondents also associated with knowledge score (P = 0.002). This study quality regarding methods and statistical part was good enough. [43] One more study conducted among 326 peoples of the Jelutong district, Pulau Pinang state, Malaysia. The instrument was developed based on earlier published three studies. The SP was incorporated through the conveniencesampling method. Nevertheless, how sample size was calculated was not described in the manuscript. As like other studies initially, the instrument was developed in English and then translated in Malay by a specialised translator as per described by the United States Census Bureau. [71] The face and content validation of the instrument was completed by senior academicians of Universiti Sains Malaysia. Researchers performed a pilot study to assess the reliability and the score of Cronbach's alpha was 0.647. [43] This only describes results only in percentage (%); no other statistical test was described. Although this study method was good, analysis can be more extended to compare among the groups. [43] One more study was performed in Cheras, a municipal situated to the south-east of Kuala Lumpur, Malaysia. [18] The questionnaire was settled from earlier published three studies, and convenience sampling was adopted for data uptake which was face-to-face questionnaire-based interview. Researchers performed a pilot study for validation of the instrument nonetheless did not describe the pilot study result. [18] The study analysed the data by doing a descriptive analysis with univariate analysis utilising a Chi-square test. This study revealed that more than half of the respondents were aware of AMR. 49.6%, 55.2%, 89.2%, 80%, 73.2% and 78.8% of the study respondents opined that they completed the course of antibiotics, usually discontinued when symptoms start died out, obtained antibiotics from hospital or clinic, they were on no occasion obtained antibiotics without doctors' prescription, they were not ever saved excess antibiotics and surplus antibiotics disposes in household bin. [18] This study also found statistically significant (P < 0.05) higher noncompliance among male research respondents than their female counterpart. Poor knowledge level and not aware about AMR also obsereved. Nonetheless, age, ethnicity, marital status and antibiotic acquisition were not statistically significantly (P > 0.05) related to antibiotic compliance. [18] This study method, analysis and result section can be considered above average.
Young adults
This systematic review includes only one study where the SP was young Malaysian adults. The SP was conscripted from Cheras, located in the southeast of the Federal Territory of Kuala Lumpur, Malaysia. [42] The sample size was calculated using Krejcie, and Morgan's sample size calculator and a convenience sampling method were used to recruit 480 SP. The study instrument was developed based on six published earlier studies. The drafted questionnaire content validity was examined by two scholastic persons of medical and pharmacy upbringing with profound experience in transmittable disease and survey-based study. The final version of the instrument was subject to a pilot test, and Cronbach's alpha was 0.745. This study utilised logistic regression analysis and P < 0.05 was statistically significant. [42] This study revealed that ethnicity plays a role to promote a positive attitude towards antibiotics usage (OR = 1.836, P < 0.05). In addition, participants with higher education exhibited positive attitudes (OR = 1.689, P < 0.05). Again, the attitude of healthcare workers was better than others (OR = 1.806, P < 0.05). High income of the participants also appeared to be a significant predictor of their attitude (OR = 2.071, P < 0.05). The practices of female SP were better (OR = 1.934, P < 0.05). Similarly, Chinese participants had good practices than other ethnic groups of this study (OR = 3.309, P < 0.05). Income of the participants also appeared to be a significant predictor of their practice. The SP with better monthly income better practices (OR = 2.498, P < 0.05). [42] This study both methods, statistical analysis and result section were good enough.
Overall, all these studies incorporated in this systematic review had ethical approval. All these finally recommended more educational intervention to promote prudent use of antimicrobials and prevention of AMR. The similar recommendation also suggested by several recent research. [72] [73] [74] [75] Several studies demanded strict regulatory policies and planning to promote rational utilisation of antimicrobials and prevent AMR, especially need to enforce to stop over the counter sale of antimicrobials. [76] [77] [78] [79] conclusIon Almost all studies incorporated in this systematic review agreed that in Malaysia there were imprudent use of antibiotics, microbial resistance with MDR exist in this country which is a significant public health issue. There is an urgent need for educational intervention with mass communication for ordinary people to develop better awareness level regarding antibiotic use. Similarly, an educational intervention like regular refresher courses is essential for health professionals including medical doctors, general physicians and consultants for improvement more prudent use antibiotics. Moreover, medical students need more practical emphasis on clinical pharmacology. Beside that there is urgent need to develop strategies to prevent over-the-counter sell of antibiotics. Regulatory bodies must ensure that pharmacy shops must not sell antimicrobials without a prescription of Malaysian Medicals Council registered medical practioner. Antimicrobial stewardship programme accentuates purposeful, correct antimicrobial management scheme for the advantage of the individual patient and community. Therefore, in Malaysia, there is an imperative necessity for antimicrobial stewardship programme which will protect remaining antimicrobials for forthcoming days to ensure treatment success.
